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Importance of Pacing Site in Entrainment of Ventricular Tachycardia
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Transient entrainment by pacing has been demonstrated
during various tachyarrhythmias, including ventricular
tachycardia. A patient is described who had two mor-
phologically distinct forms of sustained ventricular
tachycardia induced by programmed stimulation. En-
trainment of both configurations of ventricular tachy-
cardia was demonstrated. Evidence for entrainment in-
cluded the presence of different degrees of fusion between
paced and ventricular tachycardia complexesat different
pacing cycle lengths, and the observation that the last
entrained beat was always unfused and identical in con-
figuration to the ventricular tachycardia complexes.Ter-
Sustained ventricular tachycardia may be a result of a num-
ber of possible mechanisms. including intramyocardial rni-
croreentry (1-3), triggered automaticity (4-6) and macro-
reentry through the His-Purkinje system (7) or around the
periphery of a ventricular aneurysm (8) . Although induction
of ventricular tachycardia by pacing techniques has been
cited as evidence for a reentrant mechanism (l,2), both
triggered automaticity and reentry may be initiated by rapid
pacing or extrastimulation (3-6). The phenomenon of en-
trainment during overdrive pacing of various tachyarrhyth-
mias has been described (9-15) and supports a reentrant
mechanism for these arrhythmias (11 ,15,16) .
To distinguish entrainment from other phenomena that
may occur during overdrive pacing , it is necessary to dem-
onstrate that I) there is constant fusion between paced and
tachycardia complexes at constant pacing cycle lengths ex-
cept for the last transiently entrained beat, which is unfused;
2) during pacing at different cycle lengths, different degree s
of fusion occur; or 3) at pacing cycle lengths that terminate
tachycardia, there is localized block for one beat between
the pacing stimulus and a distant site, followed by activation
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mination of ventricular tachycardia only occurred at
pacing cycle lengths at which there was loss of fusion.
Catheter endocardial mapping suggested a septal or-
igin of both configurations of ventricular tachycardia.
Demonstration of entrainment was dependent on pacing
site, being seen only during pacing in the ventricle op-
posite from that showing earliest activation during ven-
tricular tachycardia. Thus, when attempting to entrain
ventricular tachycardia, multiple pacing sites in both
ventricles should be used.
(J Am Coll CardioI1985;5:781-7)
of that site from a different direction with a shorter con-
duction time (II, 15,16). Although transient entra inment of
ventricular tachycardia has been reported (12,14 ,15), it is
not clear why this phenomenon should be demonstrated in
some patients and not in others . We describe a patient in
whom demonstration of transient entrainment was depen-
dent on the pacing site used .
Case Report
A 62 year old man with a history of an old inferior
myocardial infarction was admitted for evaluation of re-
current episodes of sustained ventricular tachycardia. Dur-
ing the year before admission, he had three episodes of
sustained ventricular tachycardia , each terminated by elec-
trical card ioversion . All episodes were documented by a 12
lead electrocardiogram and were of similar configuration: a
left bundle branch block pattern (QS in lead VI) with a
leftward QRS axis (- 30°) (Fig. I). The ventricular tachy-
cardia cycle length was 295 ms (while the patient was taking
no antiarrhythmic drugs). Cardiac catheterization revealed
a totally occluded right coronary artery and a 50% mid left
anterior descending artery stenosis; biplane left ventricu-
lography showed an inferobasal akinetic zone that involved
the basal septum.
Ventricular tachycardia induction. After withdrawal
from antiarrhythmic drugs, the patient underwent pro-
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Figure 1. Twelve lead electrocardiogram of sponta-
neously occurring sustained ventricular tachycardia with
a left bundle branch block configuration in lead VI,
left axis deviation and a cycle length of 295 ms.
grammed stimulation using 6F quadripolar electrode cath-
eters (USCI) inserted percutaneously in the femoral and
subclavian veins and the femoral arteries. Pacing was per-
formed at various right and left ventricular sites at twice
threshold using a digital programmable stimulator (Bloom
Associates, model DTU-IOI). Surface leads I, II, III and
V1 and intracardiac electrograms were recorded on photo-
graphic paper at a paper speed of 100 or 150 mrn/s (Hon-
eywell VR-16 recorder). Our stimulation protocol has been
reported previously (17) and included introduction of single,
double and triple extrastimuli after eight beats of pacing at
a fixed cycle length of 500 ms and rapid ventricular pacing.
Sustained ventricular tachycardia of two distinct config-
urations was induced by triple extrastimuli and rapid ven-
tricular pacing at a cycle length of 240 ms at the right
ventricular apex. Configuration 1 (Fig. 2A) had a left bundle
Figure 2. A, Induced sustained ventricular tachycardia (VT) iden-
tical in configuration to spontaneous ventricular tachycardia at a
cycle length (Cl.) of 310 ms (configuration 1). B, Induced sus-
tained ventricular tachycardia with a right bundle branch block
configuration, a right superior axis and a cycle length of 320 ms
(configuration 2). Recording at 100 mm/s.
A I 111111I HffiTfTTnTI Hrmnrrrml111:;rl~I'Tnrl~:rl'~I~rrITI'~r
VT CL 310
I
II
III
B ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1'1111111111111111111111111111111111111111111111111111IIIIII~IIIIIIIIIIIIIIIIIIII'II~IIIIIIIIIIIIIIIIIIIIIII1IIIIIIIilllllllllllllllllllllllllllllllllllllllllliliI11I1111111I111I1
VT CL 320 (200ms l
branch block pattern (QS in lead VI), a left axis (- 30°)
and a cycle length of 310 to 320 ms and was identical in
configuration to the documented spontaneous ventricular
tachycardia. Configuration 2 (Fig. 2B) had a right bundle
branch block pattern (R wave in lead V I), a right superior
axis (-120°) and a cycle length of 310 to 320 ms.
Entrainment and termination. After induction of ven-
tricular tachycardia, ventricular pacing was initiated at a
cycle length 10 ms shorter than the ventricular tachycardia
cycle length, and then abruptly stopped after consistent cap-
ture was obtained. If ventricular tachycardia continued, pac-
ing was reinitiated and stopped at progressively shorter cycle
lengths until the tachycardia was terminated.
Pacing at cycle lengths between 290 and 230 ms from
the right ventricular apex and right ventricular septum, and
at cycle lengths between 300 and 220 ms from the left
ventricular apex, failed to interrupt ventricular tachycardia
configuration 1. Termination occurred by right ventricular
pacing at a cycle length of 220 ms and by left ventricular
pacing at a cycle length of 210 ms. Pacing from the right
ventricular apex at cycle lengths between 295 and 260 ms
did not terminate ventricular tachycardia configuration 2.
Termination of configuration 2 occurred when pacing at
cycle lengths of 250 to 270 ms at the right ventricular apex.
Morphologic changes characteristic of entrainment oc-
curred during pacing. During pacing of ventricular tachy-
cardia configuration 2 from the right ventricular apex (Fig.
3A), the QRS configuration more nearly resembled the orig-
inal ventricular tachycardia configuration (right bundle branch
block) than the left bundle branch block configuration ex-
pected from this pacing site. In addition, the width of the
QRS complexes during pacing (110 ms) was narrower than
the width of either the ventricular tachycardia complexes
(160 ms) or the normal paced complexes (160 ms), sug-
gesting that the paced QRS complex represented a fusion
complex. On decreasing the pacing cycle length slightly,
there was an abrupt change in the QRS complex to that
appropriate to the pacing site, associated with an increase
in the QRS duration of the paced complexes and suggesting
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Figure 3. Entrainment and termination of
ventricular tachycardia (VT) configuration
2. A, Pacing is initiated at the right ven-
tricular apex (RVA) at a cycle length (CL)
of 280 ms. During pacing (S) , the QRS
configuration is similar to that of the ven-
tricular tachycardia in each surface electro-
cardiographic lead, but the complexes are
of shorter duration (110 versus 160 ms).
On termination of pacing , ventricular tachy-
cardia conti nues at its initial cycle length.
(Only initiation and terminat ion of pacing
are shown.) B, Pacing (S) is reinitiated at
a cycle length of 280 ms from the right
ventricular apex . The paced configuration
is similar to the ventricular tachycardia con-
figuration. C, Continuous tracing from panel
B. Without interrupting pacing, the pacing
cycle length is shortened to 270 ms. There
is an abrupt change in the paced complex
to a left bundle branch block configuration.
typical of normal pacing from the right ven-
tricular apex. On cessation of pacing. ven-
tricular tachycardia is terminated . HBE =
His bundle electrogram; HRA = high right
atrium; LSRA = low septal right atrium.
a loss of fusion . Termination of ventricular tachycardia was
dependent on achieving the critical pacing cycle length that
caused this loss of fusion (Fig. 38 and C) .
The degree of fusion between paced and tachycardia
complexes varied as the pacing cycle length was decreased,
as illustrated in Figure 4 durin g pacing of ventricular tachy-
cardia configuration I (left bundle branch block) from the
left ventricular apex. During pacing at a cycle length of 300
ms (Fig. 4A ). just 20 ms shorter than the cycle length of
the tachycardia (320 ms), the paced complex was nearly
identical to the tachycardia complex. At faster pacing rates
(Fig. 48 and C), the paced complex changed, appearing
less and less like the tachycardia complex until at a pacing
cycle length of 210 ms there was little or no evidence of
fusion (Fig. 4D). At this point , the tachycardia termin ated
on cessation of pacing.
During pacing at different rates, there was a constant
relation between the pacing stimulus and the right ventric-
ular septal electrogram of the next ventricular complex. This
is illustrated in Figure 4 dur ing pacing of tachycardia con-
figuration I from the left ventricular apex. In panels A, B
and C (arrows) , there is a constant interval (280 ms) between
the pacing stimulus (marked " S" ) and the right ventricular
septal electrogram of the subsequent beat (marked .. V") . In
panel A, when the pacing cycle length (300 ms) is greater
than this interval (280 rns), the right ventricular septal elec-
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Figure 4. Entrainment and termination of ventricular tachycardia
(VT) configuration I. The initiation and cessation of pacing from
the left ventricular (LV) apex at cycle lengths (Cl.) of 300 (panel
A), 280 (panel B), 260 (panel C) and 210 ms (panel D) are
shown. Ventricular tachycardia continues at its initial cycle length
on cessation of pacing, except in panel D, in which pacing ter-
minates ventricular tachycardia. At shorter cycle lengths, there are
changes in the paced complexes, which show progressively less
resemblance to the ventricular tachycardia configuration. In panel
A, the right ventricular (RV) septal electrogram precedes the pac-
ing stimulus by 20 ms. During pacing the interval from the pacing
stimulus (S) to the right ventricular septal electrogram of the sub-
sequent beat (interval SV, marked by arrows) remains fixed at
280 ms in panels A, Band C. In addition, the interval between
the right ventricular septal electrogram of the final entrained beat
(marked by an asterisk, and identical in configuration to the ven-
tricular tachycardia complexes) and the right ventricular electro-
gram of the preceding beat (interval marked VV) is equal to the
pacing cycle length. This final beat is thus entrained but not fused.
In panel D, there is block for one beat between the pacing stimulus
and the right ventricular septal electrogram of the next beat, fol-
lowed by activation of the same site with a shorter conduction
time (80 ms). See text for further discussion.
trogram actually precedes each pacing stimulus by 20 ms,
and this relation is constant from beat to beat, demonstrating
that this area of the endocardium was actually activated by
the preceding pacing stimulus. As the pacing cycle length
decreases (panels B and C), this right ventricular septal
electrogram is activated later and later in the paced complex;
however, the interval from the preceding pacing stimulus
to this electrogram remains constant (280 ms).
After cessation of pacing, the subsequent ventricular
complex was entrained, but was not afusion complex. This
complex (marked by asterisks in Fig. 4A, B and C), al-
though identical in appearance to the tachycardia beats that
followed it and, thus, unfused was nevertheless entrained
by the preceding pacing stimulus, as evidenced by two find-
ings: I) the interval from the final pacing stimulus to the
right ventricular septal electrogram of this beat (interval
"SV") was again equal to 280 ms, and 2) the coupling
interval between the right ventricular septal electrogram of
this beat and the preceding beat (marked "VV"), was al-
ways equal to the pacing cycle length.
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Figure 5. Pacing of tachycardia configurat ion I (left
bundle branch block configuration, cycle length 320
ms) from the right ventricular apex (RVA). During
pacing at a cycle length (CL) of 230 rns, there is no
evidence of fusion , although the pacing complex from
this site resembles the tachycardia complex to begin
with. The interval between the right ventricular septal
electrogram of the final paced beat and the following
tachycard ia beat (VV) is longer (350 ms) than the pac-
ing cycle length . Thus, this return tachycardia beat
(marked with an asterisk) is not entrained by pacing.
Abbreviat ions as in previous figures.
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Termination of ventricuLar tachycardia was associated
with Localized conduction bLockbetween the Left ventricuLar
apex and the right ventricuLarseptumfor one beat , followed
by activation of the same sites with a shorter conduction
time (Fig. 4D). After the initial paced beat which captures,
there was conduction block for one beat between the left
and right ventricular electrograms, followed by activation
of the right ventricular septal site with a much shorter con-
duction time (80 ms after the pacing stimulus, as opposed
to 280 ms during entrainment). Cessation of pacing at this
point resulted in termination of tachycard ia.
Pacing of ventricular tachycardia configuration 1 from
the right ventricle. All of the phenomena mentioned (con-
stant fusion during pacing , except for the last entrained beat ,
different degrees of fusion at different pacing cycle lengths
and interruption of the tachycardia associated with localized
intraventricular conduction block) are consistent with pro-
posed criteria for entra inment (11,15, 16). However, none
of these criteria for entrainment was present during pacing
of tachycardia configuration I (left bundle branch block)
from the right ventricular septum or apex. Although the
pacing configuration from these sites initially resembled the
tachycardia configuration, there were no definite changes in
the complexes or narrowing of the complexes during pacing
to suggest fusion (Fig. 5). Of importance, the first tachy-
cardia beat after cessation of pacing (marked by an asterisk)
was not entrained; that is, the coupling interval between it
and the preceding paced beat (interval " VV" ) was not equal
to the pacing cycle length , as was the case during pacing
of tachycardia configuration I from the left ventricle and
tachycardia configuration 2 from the right ventricle. In fact ,
although the tachycardia was reset after cessation of pacing,
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Figure 6. Variation in the return RR (measured
from onset of the QRS complex ) coupling interval
from the final paced beat to the first beat after ces-
sation of pacing versus changes in pacing cycle
length (CL). In each graph, the solid lines are equal
to the ventricular tachycardia (VT) cycle length . A,
During entrainment of ventricular tachycardia with
a left bundle branch block (LBBB) configuration
(configuration I) from the left ventricular (LV) apex,
the return RR interval is less than or equal to the
ventricular tachycardia cycle length (320 ms) and
shortens as the pacing cycle length shortens. A sim-
ilar curve was obtained when pacing configuration
2 (right bundle branch block) was initiated from the
right ventricular apex (not shown). B, In contrast,
when ventricular tachycardia configuration I is paced
from the right ventricular (RV) apex, the return RR
interval is usually greater than or equal to the ven-
tricular tachycardia cycle length (315 ms) and
lengthens further at shorter pacing cycle lengths. A
similar curve was obtained when pacing this con-
figuration from the right ventricular septum.
A VT LBBB-Left axis CL 320
Pace LV apex
400
B VT LBBB-Left axis CL 315
Pace RV apex
400
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Figure 7. Catheter endocardial map of ventricular tachycardia
(VT) configuration 1. Numbers are in milliseconds after the onset
of the QRS complex. Negativenumbersindicatec1ectrograms that
precede the onset of the QRS complex. Sites marked A, Band C
indicatethe locationof the three pacing sites utilizedin attempting
to entrain this tachycardia: A = right ventricular(RV) apex; AoV
= aortic valve; B = right ventricularseptum; C = left ventricular
(LV) apex; CL = cycle length; MV = mitral valve; PM =
papillary muscle; PV = pulmonary valve; TV = tricuspid valve.
of rates at which it was possible to capture the atrium and
yet not cause termination of the flutter on cessation of pacing
(9) . A more detailed examination of this concept as applied
to a known reentrant mechanism , paroxysmal supraventric-
ular tachycardia utilizing an atrioventricular bypass path-
way, has led to a more rigorous definition of the term , a
better understanding of the feature s of entrainment that dis-
tinguish it from other phenomena that can occur during
overdrive pacing and a useful model for the identification
of reentrant arrhythmias (II) .
Features of entrainment. J) During entrainment. the
pacing impulse enters the reentrant circuit and collides in
the antidromic direction with the oncoming wave of depo-
larization. In the orthodromic direction, the pacing impulse
penetrates the circuit and exits to depolarize the surrounding
myocardium. Conduction delay within the reentrant circuit
allows a pacing impulse to enter the circuit at close to the
same time that the wave of depolarization from the preced-
ing pacing impulse is exiting the circuit. This creates the
fusion beats characteristic of entrainment (II , 15, 16). Ter-
mination of tachycardia is dependent on achieving a critical
pacing rate that cause s block in the reentrant circuit; at that
rate all evidence of fusion will be lost (II, 15, 16).
2) To entrain a tachycardia . it is necessary to enter the
reentrant circuit at a site distinct from the point of emer-
gence of the tachycardia from the circuit (J J.14~16). This
is required if fusion is to occur, because the pacing impulse
must enter the circuit at close to the same time as the pre-
ced ing impulse exits the circ~iJ . This can only occur if the
points of entrance and exit are anatomically separate. In the
patient described in this report, it seems reasonable, on the
basis of the mapping data, to conclude that at least part of
the reentrant circuit for each tachycardia lay within the in-
terventricular septum, with emergence from either the right
or the left side of the septum accounting for the different
configurations. During pacing, the pacing impulse would
enter one side of the septum and traverse an area of slow
conduction before emerging from the other side, thus al-
lowing entrainment to occur. During pacing from the same
side of the septum as the site of emergence of the tachy-
cardia, it may not be possible to penetrate the reentrant
circuit in such a way as to produce features of entrainment.
Conclusion. The same ventricular tachycardia may be
entrained from one pacing site. but demonstrate no feature s
ofentrainment when pacedfrom other sites. This may occur
when pacing close to the site of emergence of the tachycardia
from the reentrant circuit. Further studies correlating en-
trainment and mapping data are needed to define the relation
between the location of the reentrant circuit and optimal
pacing sites for the demonstration of entrainment. Until
then, it will be necessary to pace from multiple sites in both
ventricles before concluding whether a particular ventricular
tachycardia can be entrained.
LV
80~
70
VT LBBB-Left axis CL 320
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Discussion
The development of the concept of transient entrainment
represents an important advance in our understanding of the
nature of tachyarrhythmias in that the occurrence of transient
entrainment probably implies a reentrant mechanism
(II, 15, 16). The term "entrainment" was first applied in
human subjects when it was noted that during overdrive
atrial pacing of atrial flutter, there usually existed a range
this coupling interval tended to lengthen as the pacing cycle
length shortened, in contrast to the decrease in this interval
characteristic of entrainment (Fig. 6) .
Mapping studies. Intracardiac catheter endocardial
mapping of the right and left ventricles was performed using
6F quadripolar catheters inserted through the femoral vein
and artery . Catheter positions were plotted using biplane
fluoroscopy on a grid that divided the ventricles into 30
possible discrete segments, from which data the endocardial
activation sequence was derived. During catheter endocar-
dial mapping, the area of earliest endocardial activation (I5
ms before the onset of the surface QRS complex) for con-
figuration I was in the midportion of the right ventricular
septum (Fig . 7). Ventricular tachycardia configuration 2 had
earliest activation on the left side of the septum, with later
activation of the right ventricle . Thus, entrainment was dem-
onstrated for each configuration only by pacing in the ven-
tricle opposite to the site of earliest activation during ven-
tricular tachycardia. None of the features of entrainment
was seen during pacing in the ventricle that was the earlie st
site of activation .
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